. Furthermore, Ae and Otani (1997) reported that 49 groundnut grew better under P-deficient conditions, since its root cell walls contain 50 the active materials needed to dissolve insoluble P-containing minerals. Similarly, a 51 soybean cultivar with a superior ability to mobilize aluminum-bound phosphate (Al-P) 52 via root cell walls was observed in southern China (Shen et al. 2004) , where available 53 P is frequently bound and most plants grow abnormally in the absence of P 54 fertilization (Chen 2003) . 55 The available P content of soils is also the primary limiting factor for maintaining rotation (Shao 1989) , and research has also shown that, within four years of fertilizer 62 management, P fertilizer significantly increases the diameter of young Chinese firs by 63 13-37% per year (Xie et al. 1999) . Thus, the application of P-containing fertilizers is 64 D r a f t 8 often recommended to enhance P availability; however, the high cost of fertilizer, 65 need for repeated application, and resulting eutrophication of lakes and marine 66 estuaries have limited more widespread use (Scholz et al. 2013) . 67 Alternatively, the use of P-efficient genotypes that are more effective in P Chinese fir trees and measuring their cell wall content and P-solubilizing activity.
86
This study has the potential to expand the current understanding of P solubilization 87 and may help elucidate mechanism of P mobilization by the cell walls of tree roots.
88

Materials and methods
89
Site description and sampling
90
The research material was collected from a study site within The P-solubilizing activity of the root cell walls from Chinese fir varied 163 significantly among the three plantation ages (P < 0.001; exhibited by the 22-and 34-year-old trees, respectively (P < 0.05; Fig. 2A ). Similarly, 166 P-solubilizing activity also varied by tissue type (P < 0.001), with phloem solubilizing 167 115% more P than xylem (Fig. 2B ), and we also identified a significant interactive 168 effect of tree age and tissue type (P < 0.001).
169
In contrast, there were no significant differences in the P-solubilizing activity of the 170 cell wall preparations of different root diameter classes (P = 0.097; Owing to differences in the composition of xylem and phloem (Thornber and   218 Northcote 1962), the solubilization of Al-P by phloem cell walls in the present study 219 was 115% higher than that by xylem cell walls (Fig. 2B ), whereas the cell wall 220 content of the phloem was 7.7% lower (Fig. 1B) . Additionally, there was a significant 221 difference in the P-solubilizing activity of the three age classes ( Fig. 2A) D r a f t Table 4 . 12 Interactive effects of tissue type, tree age, and root diameter on the P-solubilizing activity (g kg -1 ) of cell wall preparations from the Chinese fir roots. 
